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Figure Sb
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Figure 6
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MULTISTAGE GAS AND LIQUID PHASE
SEPARATION CONDENSER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multistage gas and
liquid phase separation condenser for condensing and sepa-
rating 1nitially introduced gaseous refrigerant of high pres-
sure 1nto gas and liquid. In particular, after refrigerant is
separated into gas and liquid, the multistage gas and liquid
phase separation condenser of the invention can improve the
sub-cooling rate of liquid refrigerant while 1t flows through
a pre-sub-cooling section and additionally 1n other sections.

2. Background of the Related Art

A condenser liquefies refrigerant of high temperature and
pressure fed from a compressor via heat exchange between
refrigerant and ambient air. A receiver tank or section 1s
arranged between the condenser and an expansion valve and
temporarily stores liquefied refrigerant from the condenser
so that liquid refrigerant can be fed into an evaporator
according to a desired amount of cooling load.

Recently, condensers each having a receiver tank inte-
orally attached thereto are widely commercialized 1n order
to maximize space utilization in an engine room of a vehicle.

Of the condensers each having an integral receiver tank,
it 1s developed a multistage gas and liquid phase separation
condenser which comprises a pair of headers and a receiver
tank provided 1n one of the headers.

U.S. Pat. No. 5,203,407 discloses a conventional multi-
stage gas and liquid phase separation condenser or heat
exchanger.

As shown 1n FIG. 6, the conventional heat exchanger 1
comprises a plurality of flat tubes 2 and corrugated fins 3,
which are mounted on a pair of header tanks 4 opposed to
cach other.

Each header 4 comprises blind caps 5 at opposite ends,
three batlles or partitions 6 and 6' and four compartments 8a.

The header tank 4 on the 1nlet side 1s provided with a tank
member or separate member 7 which defines on the outer
side of this header tank 4, an inlet pipe 9 1s connected to the
tank member 7, and a distributing chamber 8 1s 1n commu-
nication with the a pair of refrigerant passages 2A and 2B
through respective communication ports 10a, 105 provided
in the header tank 4.

The header 4 has a separate member 11 formed outside,
and a refrigerant collecting chamber 12 1s connected with a
pair of refrigerant passages 2A and 2B via ports 13a and 135
in the header 4.

In this heat exchanger 1, after introduced 1nto the distrib-
uting chamber 8 via the inlet pipe 8, refrigerant partially
flows 1nto the upper refrigerant passage 2A via the commu-
nication port 10a and partially feeds into the lower refrig-
erant passage 2B via the communication port 10b.

Then, a partial refrigerant flow through the upper refrig-
erant passage 2A 1s introduced 1nto the collecting chamber
12 via the port 134, and another partial refrigerant flow
through the lower refrigerant passage 2B 1s introduced via
the port 135 into the collecting chamber 12, where refrig-
erant exits via an outlet pipe 14 to the outside.

The conventional heat exchanger distributes refrigerant to
the upper and lower passages and thus remarkably reduces
refrigerant pneumatic resistance within the respective
header tanks.
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However, the conventional heat exchanger does not etfec-
tively separate refrigerant into liquid and gas. In addition,
because the separate member 7 and collecting chamber 12
functioning as a receiver tank are provided respectively to
the header tanks 4, the heat exchanger has a relatively large
S1Ze.

In the meantime, a Japanese Laid-Open Patent Publica-
tion Serial No. 7-103612 discloses a condenser which 1s
integrally provided with a recerver tank at one end of header
tanks 1n order to reduce the overall size.

As shown 1 FIG. 7, the condenser 3 having the mtegral
receiver tank comprises a condensation section 8, a receiver
section 9 and a sub-cooling section 10, in which the con-
densation section 8 1s connected to the outlet side of a
compressor 2.

The condensation section 8 introduces liquid-gas refrig-
erant 1nto the receiver section 9, which separates refrigerant
into gaseous and liquid refrigerant and feeds liquid refrig-
erant into the sub-cooling section 10.

The sub-cooling section 10 1s arranged under and adjacent
the condensation section 8, and sub-cools liquid refrigerant
introduced from the receiver section 9.

The condenser 3 1s provided with a second header 16
having an upstream side connected with a lower end of the
condensation section 8 and a lower side connected with an
upstream end of the sub-cooling section 10. The second
header 16 1s divided by first and second batiles 41 and 42
into an upstream communication chamber 46, a downstream
communication chamber 47 and the receiver section 9.

As a result, two phase refrigerant of gas-liquid flown out
via the condensation section 8 1s introduced 1nto the receiver
section 9 via the upstream communication chamber 46.

The first baflle 41 vertically arranged within the second
header 16 1s provided with a refrigerant inlet port 44
communicating with an upper end of the receiver section 9
and a refrigerant outlet port 45 opened to a lower end of the
receiver section 9 so that refrigerant can enter the entire
receiver section 9.

In FIG. 7, some of reference numbers which do not
designate the above-described components are not
explamed.

As set forth above, the conventional condenser 1nstalls the
receiver section in one of the header tanks to reduce the
overall size thereot, allows whole refrigerant to flow 1nto the
receiver section 9 to improve responsiveness in respect to
rapid load fluctuation in a cooling cycle 1, and installs the
sub-cooling section 10 to completely remove bubbly gas-
cous refrigerant.

The conventional condenser includes the receiver section
to realize effective sub-cooling. However, there 1s a draw-
back that the sub-cooling rate cannot be further raised at a
point where liquid refrigerant returns and initially sub-cools
after gaseous refrigerant of high temperature and pressure 1s
mnitially itroduced and condensed into gas and hiquad.

Furthermore, the conventional condenser further com-
prises a site glass 4 for confirming whether or not refrigerant
finely condenses, and thus fabrication cost disadvanta-
geously 1ncreases.

SUMMARY OF THE INVENTION

The present invention has been made to solve the fore-
going problems and 1t 1s therefore an object of the present
invention to provide a multistage gas and liquid phase
separation condenser for condensing and separating initially
introduced gaseous refrigerant of high pressure into gas and
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liquid, by which after separated into gas and liquid, liquid
refrigerant can be 1mproved with sub-cooling rate while
flowing through a pre-sub-cooling section and additionally
in other sections.

Also, the 1nvention has a multistage gas and liquid phase
separation condenser designed according to a conditional
expression, which follows the relative dimension ratio of
sections during condensation of refrigerant, in order to
realize optimum condensation efficiency regardless of the
total size of the condenser.

According to an aspect of the mvention, there 1s provided
a multistage gas and liquid phase separation condenser
comprising: an super heat cooling/condensing section dm1l
for cooling gaseous refrigerant of high temperature and
pressure, which i1s introduced into the section dml, to
remove excessive heat therefrom and condense gaseous
refrigerant; a first condensing section dm2 placed over the
super heat cooling/condensing section dml for recondensing
gaseous refrigerant; a second condensing section dm3
placed over the first condensing section dm2 for recondens-
ing refrigerant to a liquid ratio higher than in the first
condensing section dm2, whereby refrigerant 1s introduced
into a receiver section 400 after flowing through the second
condensing section dm3; a first sub-cooling section dm4
placed downstream of the super heat cooling/condensing
section dml for sub-cooling refrigerant more than in the
super heat cooling/condensing section dml, whereby refrig-
erant 1s introduced 1nto the receiver section 400 after flowing
through the first sub-cooling section dm4 to jomn liquid
refrigerant from the second condensing section dm3; and a
second sub-cooling section dm3 placed downstream of the
first sub-cooling section dm4 for sub-cooling liquid refrig-
erant joined from the second condensing section dm3 and
the first sub-cooling section dm4 and for discharging sub-
cooled liquid refrigerant therefrom, wherein the sections
dml, dm2, dm3, dm4 and dm5 are divided from one another.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a multistage gas and liquid phase
separation condenser of the invention;

FIG. 2 illustrates flow of refrigerant in the multistage gas
and liquid phase separation condenser shown 1n FIG. 1;

FIG. 3 1s a graph of sub-cooling temperature variation
according to the ratio of a pre-sub-cooling area;

FIG. 4 1s a graph of sub-cooling temperature variation
according to refrigerant filling;

FIG. 5A 1s a graph of heat radiation and pressure drop of
refrigerant according to area ratio between a gaseous section
in a first condensing section and an super heat cooling/
condensing section;

FIG. 5B 1s a graph of heat radiation and pressure drop of
refrigerant according to area ratio between a liquid section
In a pre-sub-cooling section and an super heat cooling/
condensing section;

FIG. 5C 1s a graph of heat radiation and pressure drop of
refrigerant according to arca ratio between an super heat
cooling/condensing section and the total heat transfer area;

FIG. 5D 1s a graph of heat radiation and pressure drop of
refrigerant according to arca ratio between an super heat
cooling/condensing section and a second sub-cooling sec-
tion;

FIG. 5E 1s a graph of heat radiation and pressure drop of
refrigerant according to area ratio between a pre-sub-cooling
section and a second sub-cooling section; and

FIGS. 6 and 7 illustrate conventional condensers.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The following detailed description will present a preferred
embodiment of the invention 1n reference to the accompa-
nying drawings.

FIG. 1 1s a sectional view illustrating a multistage gas and
liquid phase separation condenser of the mnvention, and FIG.

2 1illustrates flow of refrigerant in the multistage gas and
liquid phase separation condenser shown in FIG. 1.

In the condenser 100 of the i1nvention, a core section
includes a plurality of tubes 120, which are stacked together
onc on another, and radiating fins each arranged between
two adjacent tubes 120. First and second header tanks 140
and 150 are arranged at both ends of the tubes 120, and
opposed to each other 1n a longitudinal direction.

The first header tank 140 1s constituted by combination of
a header 140a and a tank 14056 to form a refrigerant passage
of an overall elliptic configuration, and the second header
tank 150 1s constituted by combination of a header 1504 and
a tank 1506 to form a refrigerant passage of an overall
elliptic configuration.

The first header tank 140 1s divided by a plurality of
baftles 160, 161 and 162 into a plurality of fluid passages,

and the second header tank 150 1s also divided by a plurality
of baflles 163, 164 and 165 into a plurality of fluid passages.

The first header tank 140 1s provided with an inlet pipe
200 for mtroducing gaseous refrigerant of high temperature
and pressure 1nto the first header tank 140 and an outlet pipe
300 for discharging liquid refrigerant which transformed
phase from gaseous refrigerant via heat exchange with the
ambient air.

The inlet pipe 200 1s placed between the first and second
baftles 160 and 161 dividing the inside of the first header

tank 140, and the outlet pipe 300 1s placed under the third
baffle 162.

The section between the first and second baftles 160 and
161 formed 1n the first header tank 140 defines an super heat
cooling/condensing section dm1 where gaseous refrigerant
introduced through the inlet pipe 200 1s cooled to lose
overheat and condensed.

The fourth to sixth baftles 163 to 165 1n the second header
tank 150 are arranged at positions different from those of the

first to third baftles 160 to 162 in the first header tank 140
so as to form multistage refrigerant passages.

That 1s, the fourth baffle 163 1n the second header tank 150
1s placed higher than the first baffle 160 in the first header
tank 140, and the fifth baftle 164 1n the second header tank
150 1s placed lower than the second bafile 161 and higher
than the third baffle 162 1n the first header tank 140.

The sixth baffle 165 1s placed on the same horizontal level
as the third baftle 162 so that phase-transformed refrigerant
can tlow to the outlet pipe 300 via a receiver section 400
which will be described hereinafter.

A vertical section between the first baftle 160 and the

fourth baffle 163 defines a first condensing section dm?2
placed above the super heat cooling/condensing section

dml.

A vertical section between the fourth bafile 163 and the
uppermost one of the tubes 120 defines a second condensing
section dmJ3 placed above the first condensing section dm2.
Gaseous refrigerant re-condenses in the second condensing
section dmJ3, and after flowing through this section dm3,
refrigerant exits to the receiver section 400.

A vertical section between the fifth baffle 164 and the
sixth baffle 165 defines a first sub-cooling section dm4
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placed downstream of the super heat cooling/condensing
section dml. The first sub-cooling section dm4 sub-cools
refrigerant more than 1n the super heat cooling/condensing
section dml. After flowing through the first sub-cooling
section dm4, refrigerant 1s guided by the first sub-cooling
section dm4 to exit mnto the receiver section 400, where
refrigerant from the first sub-cooling section dm4 joins

refrigerant from the second condensing section dm3.

A vertical section between the sixth baffle 165 and the
lowermost one of the tubes 120 defines a second sub-cooling
section dm3 placed downstream of the first sub-cooling
section dm3. The second sub-cooling section dm3 sub-cools
liquad refrigerant joined from the second condensing section
dm3 and the first sub-cooling section dm4, and then dis-
charges sub-cooled liquid refrigerant to the outside.

Further, a pre-sub-cooling section dm4' exists between the
super heat cooling/condensing section dm1l and the second
sub-cooling section dmS for sub-cooling liquid refrigerant.

The pre-sub-cooling section dm4' 1s designed so that the
passage arca A ., thereof for sub-cooling liquid refrigerant
1s 1n a range of about 0.02 to 0.15 1n respect to the total heat
transfer area A,,..; of the condenser.

In addition, the pre-sub-cooling section dm4' 1s designed
so that the ratio A, /A , - of the passage area A, ,. of the
pre-sub-cooling section dm4' to the passage area A , - of the
second sub-cooling section dmS 1s 1n a range of about 0.1 to

0.6.

As shown 1n FIG. 5E, 1n the ratio of abut 3 to 59%, 1t can
be observed that pressure drop 1s reduced while heat radia-
fion maintain a substantially uniform value.

Alternatively, holes (not shown) can be formed in the
above batlles to omit the pre-sub-cooling section dm4'.

Also, the receiver section 400 1s provided with a passage
P1 to communicate with the tank 1505 of the second header
tank 150.

Blind caps 410 are provided 1n both ends of the first and
second tanks 140 and 150 of the condenser 100 to seal the

tanks 140 and 150 preventing leak of refrigerant.

The mvention of the above construction i1s designed to
satisty a conditional expression of A, >A, -=ZA, ; and
A, =A, -, wherein A, . indicates thee area of the super
heat cooling/condensing section dml, A, , indicates the
arca of the first condensing section dm2, A , - indicates the
arca of the second condensing section dm3, A, ., indicates
the area of the first sub-cooling section dm4, and A, -

indicates the area of the second sub-cooling section dmS.

The 1nvention can be further designed from the above
basic construction so that the ratio A, _,/A, . of the area
A, of the first condensing section dm2 to the area A, , of

FH

the super heat cooling/condensing section dml 1s in a range
of about 0.20 to 0.65.

The 1nvention can be further designed from the above
basic construction so that the ratio A ,,_,/A ., , of the area
A, . of the pre-sub-cooling section dm4' to the area A, _,
of the super heat cooling/condensing section dml 1s 1n a

range of about 0.04 to 0.22.

The 1nvention can be further designed from the above
basic construction so that the ratio A, /A -74; 0Of the area
A, . of the super heat cooling/condensing section dml to

FH

the total heat transfer arca A4, of the condenser 1s 1n a
range of about 0.20 to 0.60.

Also, the invention can be further designed from the
above basic construction so that the ratio A, /A, . of the
arca A, - ol the second sub-cooling section dm3 to the area
A, . of the super heat cooling/condensing section dm1 has

FH

a threshold value 1n a range of about 0.20 to 0.55.
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Hereinbefore description has presented conditional
expressions that define the configuration of the condenser
according to the ratio of the section areas occurring during,
a condensing process.

The following detailed description will present operations
of the condenser constructions of the invention according to
the above threshold values.

FIG. 2 1llustrates flow of refrigerant 1in the multistage gas
and liquid phase separation condenser of the invention, 1n
which gaseous refrigerant of high temperature and pressure
1s 1ntroduced via the inlet pipe 120 from a compressor.
Introduced gaseous refrigerant 1s cooled and loses excessive
heat while flowing through some of the tubes 120 between
the first and second bafiles 160 and 161 after flowing
through a compartment R1 in the first header tank 140,

defined by the first bafile 160 and the second bafifle 161.

That 18, the vertical section between the first and second
baffles 160 and 161 functions as the super heat cooling/
condensing section dml.

Gaseous refrigerant exchanges heat with the ambient air,
and after flowing through the super heat cooling/condensing,
section dml, 1s partially transformed into liquid and partially
remains as gas so that refrigerant contains two phases of gas
and liquid mixed therein.

In mixed refrigerant, relatively active gaseous refrigerant
moves upward owing to buoyancy based upon density
difference between gaseous refrigerant and liquid refriger-
ant. Liquid refrigerant moves downward along the gravity
direction based upon high viscosity and mass and density
larger than those of gaseous refrigerant.

Therefore, after passing through a compartment R2 in the
second header tank 150 defined by the fourth and fifth baftles
163 and 164, gascous refrigerant re-condenses while flowing,
through some of the tubes 120 between the first and fourth
baftles 160 and 163.

That 1s, the vertical section between the first and fourth
baffles 160 and 163 corresponds to the first condensing
section dm?2.

Preferably, the condenser can be designed so that the ratio
A, /A, , ol the passage arca A, , of the super heat
cooling/condensing section dml to the passage area A, . of
the first condensing section dm2 is 1n a range of 0.2 to 0.65.
Then, 1n the super heat cooling/condensing section dml,
more gaseous refrigerant can be condensed into liquid.

More particularly, as shown in FIG. SA, the condenser
shows a suitable amount of heat radiation where the ratio
A, /A, . ofthe area of the first condensing section dm2 to
the area of the super heat cooling/condensing section dml 1s

in a range of about 25 to 65%. Most preferably, the ratio
A,.-/A,. . 1s about 30 to 40% at 0.20=A,,../A,,,1=0.65.

el —

While the area of a gaseous section can be varied accord-
ing to the temperature of air and wind velocity, 1t can be
selected 1n a range that heat radiation may not decrease by
a large value even though the area ration A, /A, . 1s
within 30% or 70% or more.

After condensed in the first condensing section dm2
between the first and fourth baffles 160 and 163, gaseous
refrigerant passes through a compartment R3 in the first
header tank 140 defined by the first baftle 160. Then, while
flowing through some of the tubes 120 corresponding to the
vertical section from the fourth baffle 163 and the uppermost
tube 120, gaseous refrigerant re-condenses to a liquid ratio
higher than that of refrigerant in the first condensing section

dm?2.

That 1s, the vertical section between the fourth baftle 163
and the uppermost tube 120 defines the second condensing,
section dmJ.
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Then, after bemng condensed and gradually liquefied 1n the
second condensing section dm3, refrigerant flows through
the passage P1 1n a compartment R4 1n the second header

tank 164 defined by the fourth bafile 163 1nto the receiver
section 400, where refrigerant drops downward.

Hereinbefore i1t has been described about behavior of
gaseous refrigerant which passed through the super heat
cooling/condensing section dml.

The following description will represent a flowing process
of refrigerant which transtormed phase into liquid while
passing through the super heat cooling/condensing section

dml.

After phase transformation into liquid while passing
through the super heat cooling/condensing section dml,
liquid refrigerant flows through the compartment R2 in the
second header tank 150 defined by the fourth and fifth baftles
163 and 164. Then, liquid refrigerant 1s sub-cooled while
flowing through some of the tubes between the second and

fifth baffles 161 and 164.

That 1s, the vertical section between the second and fifth
baffles 161 and 164 corresponds to the pre-sub-cooling
section dm4'.

Preferably, the invention designs the pre-sub-cooling sec-
tion dm4' so that the passage area A, .. thereotf for sub-
cooling liquid refrigerant 1s in a range of about 0.02 to 0.15
in respect to the total heat transfer arca A,,,., of the
condenser.

FIG. 3 shows experimental data for ensuring the reliabil-
ity of the above conditional expression.

As shown 1n FIG. 3, the sub-cooling temperature declines
inversely proportional to the ratio A, ./Ar,74; Of the
passage area of the pre-sub-cooling section dm4' to the total
heat transfer area of the condenser. It can be seen that the
ratio A, . /A--74; 15 sultable 1n a range of about 3 to 20%.

On the contrary, if the pre-sub-cooling section i1ncreases
up to or over 20% of the total heat transfer area, this section
affects other sections to potentially deteriorate the perfor-
mance of the condenser.

In addition, where the ratio A, ,/A . ., of the area A, ..
of the pre-sub-cooling section dm4' to the area A, , of the
super heat cooling/condensing section dml 1s 1n a range of
about 0.04 to 0.22, the condenser of the 1nvention can
improve sub-cooling rate of liquid refrigerant.

As shown 1n FIG. 5B, where the ratio A ,_,/A ., , of the
arca of the pre-sub-cooling section dm4' to the area of the
super heat cooling/condensing section dml 1s 1n a range of
about 4 to 22%, pressure drop declines while heat radiation
remains substantially constant as the ratio A, /A, .,
INCreases.

After sub-cooled 1n the pre-sub-cooling section dm4,
refrigerant remains temporarily 1in a compartment RS in the
first header 4 defined by the second and third baftles 161 and
162. Then, refrigerant passes through some of the tubes 120
arranged between the fifth and sixth baffles 164 and 165,
where 1t sub-cools more than in the pre-sub-cooling section
dm4"'.

The fifth and sixth baflles 164 and 165 form a compart-
ment R6 1n the second header tank 150 and a passage P2 is
formed 1n the compartment R6 so that refrigerant which 1is
further sub-cooled through the tubes 120 between the fifth
and sixth baflles 164 and 165 exits via the passage P2 into
the receiver section 400.

That 1s, the vertical section between the fifth and sixth
baffles 164 and 165 corresponds to the first sub-cooling,
section dm4.
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In the receiver section 400, liquid refrigerant condensed
through the second condensing section dm3 joins liquid
refrigerant condensed through the first sub-cooling section
dm4. Liquid refrigerant in the receiver section 400 flows
through lowermost tubes 120 of the condenser 100, and then
exits into the discharge pipe 300 via a compartment R7 1n

the first header tank 140 defined by the bafile 161.

That 1s, the vertical section between the bafltle 165 and the
lowermost end of the condenser corresponds to the second
sub-cooling section dm3.

Where the ratio A, /A, - of the passage area A, .. of
the pre-sub-cooling section dm4' to the passage area A, - of
the second sub-cooling section dm3 1s 1n a range of about 0.1
to 0.6, refrigerant sub-cooled 1n the first sub-cooling section
dmS can be further sub-cooled i1n the second sub-cooling
section dms3.

In addition, the condenser of the invention satisfying
0.02=A, /Ao £0.15, wheremn A ;" indicates the pas-
sage area of the pre-sub-cooling section dm4' and A4,
indicates the total heat transfer area of the condenser, can
further follow a conditional expression of 0.20=A, ./
Aro747 £0.60, wherem A, , indicates the passage area of
the super heat cooling/condensing section dml, in order to
enhance the super heat cooling/condensing rate of refriger-
ant having high temperature and pressure.

In FIG. 5C, 1t can be seen that pressure drop 1s 1n 1nverse
proportional to heat radiation where the ratio A, /A 7ar
of the area of the super heat cooling/condensing section dml
to the total heat transfer area of the condenser 1s 1n a range

of about 20 to 60%.

That 1s, pressure drop declines mversely proportional to
the ratio of the area A, , of the heat-cooling/condensing
section dml 1n respect to the total heat transter area A, 7.4,
but heat radiation increase proportional to the same.

However, 1t 1s to be appreciated that pressure drop
decreases reversed proportional to increase of the area ratio
of the heat-cooling/condensing section dm1l and thus overall
heat radiation can decrease resulting from area reduction of
other sections.

In addition, the condenser of the invention satisfying
0.02=A, . Aro74; =015, wherein A, ' indicates the pas-
sage area of the pre-sub-cooling section dm4' and A4,
indicates the total heat transfter area of the condenser, can
further follow a conditional expression of 0.20=A, ./
A, =055, wherein A - indicates the passage arca of the

second sub-cooling section dm$, 1 order to enhance the
sub-cooling rate of refrigerant.

Describing in more detail, as shown 1 FIG. 5D, the
condenser can obtain suitable value of heat radiation 1n a

range of 20 to 55% which corresponds to an expression of
0.20=A, o/ A, =055, wherein A, - 1s the arca of the

ml—

second sub-cooling section dm3 and A, _ , 1s the area of the
super heat cooling/condensing section dml.

That 1s, the above section shows a tendency that as the
arca A, - of the second sub-cooling section dm3 increases
in respect to the arca A, , of the super heat cooling/
condensing section dml, pressure drop slightly increases
whereas heat radiation gradually increases up to the maxi-
mum value at about 40% and then gradually decreases.

Where the area A ,_, of the super heat cooling/condensing
section dm1 1ncreases, a space for phase separation within
the header increases whereas the area of a gas and liquid
section relatively decreases and thus total heat radiation may
decrease.

The above-described present invention can be proved
more reliably by carefully considering how the filling quan-
tity of refrigerant affects variation of sub-cooling tempera-
ture.
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It can be seen mm FIG. 4 that sub-cooling temperature
generally increases proportion to the filling quantity of
refrigerant, and 1n particular, 1s distinctly influenced even 1t
a relatively small filling quantity of refrigerant 1s increased
at a specific point where the filling quantity increases in the
pre-sub-cooling section dm4'.

The above 1nfluence has an equal result also 1n an exit area
of the condenser imncluding the first sub-cooling section dm4
and the second sub-cooling section dmS3.

That 1s, if sufficient sub-cooling can be obtained in the exit
of the pre-sub-cooling section dm4', saturation temperature
within the receiver section can be controlled.

Therefore, 1f an air flow 1s activated in the outlet side of
the pre-sub-cooling section dm4' or separate cooling means
are provided thereto to cool liquid refrigerant to enhance
sub-cooling rate, it 1s possible to drop the temperature within
the receiver section.

As set forth above, the gas-liquid separating condenser of
the present invention can enhance the sub-cooling rate 1n the
pre-sub-cooling section as well as 1n the total sections.

Moreover, the present mnvention can have suitable designs
according to calculated conditional expressions of relative
dimensional ratios of the sections 1n condensation of refrig-
erant to realize the optimum condensing efficiency regard-
less of the overall size of the gas-liquid separating con-
denser.

Although the preferred embodiments of the invention

have been described and 1llustrated to explain the principle
of the invention, the invention 1S not restricted to the

construction and the operation which were 1llustrated and
described hereinbefore.

Rather, those skilled in the art can readily make a number
of alternatives and modification without departing from the
principle and scope of the appended claims.

Theretfore, those appropriate modifications, variations and
equivalents should be considered to be within the scope of
the present imvention.

What 1s claimed 1s:

1. Amultistage gas and liquid phase separation condenser
comprising:

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dml), to remove
excessive heat therefrom and condense gaseous refrig-
crant;

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gascous refrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced 1nto a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1l), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing though the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section

(dm3); and

a second sub-cooling section (dmS$) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant joined from the second condensing
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section (dm3d) and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS§) are
divided from one another; and

the sections (dm1, dm2, dm3, dm4 and dmS$) satisfy an
expression of A, >A, -=ZA, -and A, ,=A_ -,

wherein A, . 1s an arca of the super heat cooling/
condensing section (dml), A, . is an area of the first
condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A . is an area of the first

sub-cooling section (dm4), and A, < 1s an area of the
second sub-cooling section (dmS$),

a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4), placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling
section (dm$), and

wherein the pre-sub-cooling section (dm4') satisfies an
expression of 0.02=A, ,/Aro74; =0.15,

wherein A, , 1ndicates a passage arca ol the pre-sub-
cooling section (dm4') for sub-cooling liquid
refrigerant, and A,,,.; 1ndicates a total heat transfer
arca of the condenser.

2. The multistage gas and liquid phase separation con-
denser as set forth 1n claim 1, wherein the pre-sub-cooling
section (dm4') and the second sub-cooling section dmS$
satisfy an expression of 0.1=A 4,44 55 =0.6,

wherein A, .. indicates a passage arca of the pre-sub-
cooling section (dm4'), and A, . indicates a passage
areca of the second sub-cooling section dmS5.

3. Amultistage gas and liquid phase separation condenser

composing:

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dm1l), to remove
excessive heat therefrom and condense gaseous refrig-
crant;

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gaseous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dm$) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant joined from the second condensing
section (dm3 and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS) are
divided from one another; and

the sections (dml, dm2, dm3, dm4 and dmS$) satisfy an
expression of A, >A, =ZA, ;and A, ,=A,

7] mS5?
wherein A, ., 1s an area of the super heat cooling/

condensing section (dml), A . is an area of the first
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condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A, , is an area of the first
sub-cooling section (dm4), and A, - is an area of the
second sub-cooling section (dmS$), and

a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4), placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling
section (dm$3), wherein the pie-sub-cooling section
(dm4'") and the second sub-cooling section dm$ satisfy
an expression of 0.1=A, /A, -=0.6,

ms =

wherein A, .. mndicates a passage area of the pre-sub-

cooling section (dm4'), and A, - indicates a passage
arca of the second sub-cooling section dmS3.

4. A multistage gas and liquid phase separation condenser

comprising:

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dml), to remove
excessive heat therefrom and condense gaseous refrig-
crant,

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gaseous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after low-
ing through the first sub-cooling section (dm4) to join

liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dmS) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant joined from the second condensing
section (dm3) and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dm$5) are
divided from one another; and

the sections (dm1, dm2, dm3, dm4 and dm$5) satisfy an
expression of A, >A, ~ZA, sand A, ,=A_ -,

wherein A, ., 1s an area of the super heat cooling/
condensing section (dml), A . is an area of the first
condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A, ., is an area of the first
sub-cooling section (dm4), and A, 5 1s an area of the
second sub-cooling section (dm$), and

a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4, placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling
section (dm35),

wherein the super heat cooling/condensing section (dml)

and the first condensing section (dm2) satisfy an expression
of 0.20=(A,,./A4,,1)=0.65,

wherein A, . 1s an area of the super heat cooling/
condensing section (dml), and A, is an area of the
first condensing section (dm?2).
5. Amultistage gas and liquid phase separation condenser
comprising:

10

15

20

25

30

35

40

45

50

55

60

65

12

a super heat cooling/condensing section (dm1) for cooling
gaseous relfrigerant of high temperature and pressure,
which is introduced into the section (dm1l), to remove
excessive heat therefrom and condense gaseous refrig-
crant,

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gaseous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dmS8) placed downstream of
the first sub-cooling section (dm4) for sub-cooling liquid
refrigerant joined from the second condensing section (dm3)
and the first sub-cooling section (dm4) and for discharging
sub-cooled liquid refrigerant therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS) are
divided from one another; and

the sections (dml, dm2, dm3, dm4 and dmS$) satisfy an
expression of A, >A, ZA, and A, ,SA, .,

wherem A, ., 1s an area of the super heat cooling/
condensing section (dml), A - is an area of the first
condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A, . is an area of the first
sub-cooling section (dm4), and A, < 1s an area of the
second sub-cooling section (dmS$), and
a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4), placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling sec-
tion (dmS5),
wherein the super heat cooling/condensing section (dml)

and the pre-sub-cooling section (dm4') satisfy an expression
of 0.04=(A , /A, )=0.22

wheremn A, . 1s an area of the super heat cooling/
condensing section (dml), and A, is an area of the
pre-sub-cooling section (dm4').

6. A multistage gas and liquid phase separation condenser

comprising:

a super heat cooling/condensing section (dm1) for cooling
gaseous relfrigerant of high temperature and pressure,
which is introduced into the section (dm1l), to remove
excessive heat therefrom and condense gaseous refrig-
crant,

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gascous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dm1l) for
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sub-cooling refrigerant more than i1n the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and
a second sub-cooling section (dmS$) placed downstream of
the first sub-cooling section (dm4) for sub-cooling liquid
refrigerant joined from the second condensing section (dm3)
and the first sub-cooling section (dm4) and for discharging
sub-cooled liquid refrigerant therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dm$5) are
divided from one another; and

the sections (dml1, dm2, dm3, dm4 and dm35) satisfy an
expression of A, >A, - =A, ;and A, ,=A, .,

wherein A, . 1s an area of the super heat cooling/
condensing section (dml), A, - is an area of the first
condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A, 1s an area of the first
sub-cooling section (dm4), and A, < is an area of the
second sub-cooling section (dmS), and

a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4), placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling
section (dm35),

wherein the super heat cooling/condensing section (dml)
satisfies an expression of 0.20=A , /A o747 =0.60,

wherein A, , 1s an area of the super heat cooling/
condensing section (dm1), and A, indicates a total
heat transfer area of the condenser.
7. Amultistage gas and liquid phase separation condenser
comprising:

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dml), to remove
excessive heat therefrom and condense gaseous refrig-
erant,

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gascous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dm3) placed downstream of
the first sub-cooling section (dm4) for sub-cooling liquid
refrigerant joined from the second condensing section (dm3)
and the first sub-cooling section (dm4) and for discharging
sub-cooled liquid refrigerant therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dm$5) are
divided from one another; and the sections (dm1, dm2,
dm3, dm4 and dmS) satisfy an expression of
A, >A, .ZA, and A, =A, .,

wherein A, ., 1s an area of the super heat cooling/
condensing section (dml), A . is an area of the first
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condensing section (dm2), A, 5 1s an area of the second
condensing section (dm3), A, . is an area of the first
sub-cooling section (dm4), and A, 5 1s an area of the
second sub-cooling section (dmS), and

a pre-sub-cooling section (dm4') in the first sub-cooling
section (dm4), placed between the super heat cooling/
condensing section (dm1) and the second sub-cooling
section (dm$),

wherein the super heat cooling/condensing section (dml)
and the second sub-cooling section (dmS3) satisfy an expres-

sion of 0.20=(A,,,s/A,,,1)=0.55,

wherem A, ., 1s an area of the super heat cooling/
condensing section (dm1), and A, 5 is an area of the
second sub-cooling section (dmS).

8. A multistage gas and liquid phase separation condenser

comprising;:

a super heat cooling/condensing section (dm1) for cooling
gaseous relfrigerant of high temperature and pressure,
which is introduced into the section (dm1l), to remove
excessive heat therefrom and condense gaseous refrig-
erant,

a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gascous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dm1l) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dm$) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant joined from the second condensing
section (dm3) and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS) are
divided from one another; and

the sections (dml, dm2, dm3, dm4 and dmS$) satisfy an
expression of A, >A, -ZA, sand A, .=A, -,

wherein A, . 1s an area ol the super heat cooling/
condensing section (dml), A, . 1s an area of the first
condensing section (dm2), A, . is an arca of the second
condensing section (dm3), A, , is an arca of the first
sub-cooling section (dm4), and A , . 1s an area of the second
sub-cooling section (dm$),

wherein the super heat cooling/condensing section (dml)

and the first condensing section (dm2) satisfy an expression
of 0.20=(A,,-/A4,,1)=0.65,

wheremn A, . 18 an area of the super heat cooling/
condensing section (dm1), and A, 1s an area of the
first condensing section (dm2).

9. A multistage gas and liquid phase separation condenser

comprising;

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dm1), to remove
excessive heat therefrom and condense gaseous refrig-
crant;
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a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for
re-condensing gascous refrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than i1n the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced 1nto the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section
(dm3); and

a second sub-cooling section (dmS) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant jomned from the second condensing
section (dm3) and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS5) are
divided from one another; and

the sections (dm1, dm2, dm3, dm4 and dm3) satisfy an
expression of A, >A, .=ZA, ;and A, ,=A, .,

wherein A, , 1s an areca of the super heat cooling/
condensing section (dml), A, -, i1s an area of the first
condensing section (dm2), A, . 1s an area of the second
condensing section (dm3), A, ., 1s an area of the first
sub-cooling section (dm4), and A , . 1s an area of the second
sub-cooling section (dm$),

wherein the super heat cooling/condensing section (dml)

satisfies an expression of 0.20= A /A;o747)=0.60,

wherein A, ., 1s an area of the super heat cooling/
condensing section (dm1), and A, indicates a total
heat transfer area of the condenser.
10. A multistage gas and liquid phase separation con-
denser comprising:

a super heat cooling/condensing section (dm1) for cooling
gaseous refrigerant of high temperature and pressure,
which is introduced into the section (dml), to remove
excessive heat therefrom and condense gaseous refrig-
erant,
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a first condensing section (dm2) placed over the super
heat cooling/condensing section (dml) for

re-condensing gascous relfrigerant;

a second condensing section (dm3) placed over the first
condensing section (dm2) for re-condensing refrigerant
to a liquid ratio higher than in the first condensing
section (dm2), whereby refrigerant is introduced into a
receiver section (400) after flowing through the second
condensing section (dm3);

a first sub-cooling section (dm4) placed downstream of
the super heat cooling/condensing section (dml) for
sub-cooling refrigerant more than in the super heat
cooling/condensing section (dm1), whereby refrigerant
is introduced into the receiver section (400) after flow-
ing through the first sub-cooling section (dm4) to join
liquid refrigerant from the second condensing section

(dm3); and

a second sub-cooling section (dm$) placed downstream of
the first sub-cooling section (dm4) for sub-cooling
liquid refrigerant joined from the second condensing
section (dm3) and the first sub-cooling section (dm4)
and for discharging sub-cooled liquid refrigerant
therefrom,

wherein the sections (dm1, dm2, dm3, dm4 and dmS) are
divided from one another; and

the sections (dml, dm2, dm3, dm4 and dmS$) satisfy an
expression of A, >A, ,=ZA, ;and A, ,=A, .,

wherein A, ., 1s an area of the super heat cooling/
condensing section (dml), A, . is an area of the first
condensing section (dm2), A, 5 1s an arca of the second
condensing section (dm3d), A, , is an area of the first
sub-cooling section (dm4), and A, - 1s an area of the second
sub-cooling section (dm$), wherein the super heat cooling/
condensing section (dm1) and the second sub-cooling sec-

tion (dm$) satisfy an expression of 0.20=(A,,.s/Au.1)
=0.55,

wheremn A, . 1S an area of the super cooling/condensing
section (dml), and A, . is an arca of the second
sub-cooling section (dmS5).
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